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Abstract
Background. Human longevity has increased throughout all developed countries in the world, including Poland. 
In an aging population it is important to ensure adequate oral health for future generations as prevention and treat-
ment methods adopted so far may soon appear insufficient.
Objectives. The aim of this study was to assess whether social and behavioral factors, i.e. education, smoking, 
occupational activity, alcohol consumption, sports activity and perceived health influence tooth loss, functional 
dentition, oral hygiene, and periodontal health.
Material and Methods. The study involved 1008 Krakow residents (478 men and 530 women), between the age from 
50–75 years. Information on age, education, occupational activity, alcohol consumption, perceived health, smoking 
status, sports activities was collected by the interview using standard questionnaire. Oral examinations were carried 
out according to the WHO recommendations. Two definitions of poor functional dentition (FD) were used, i.e. 
having less than 20 teeth and having less than 4 pairs of contacting teeth. Pocket depths (PD) were measured using 
Hu-Friedy periodontal probe type PCPUNC15. Oral hygiene was assessed using Plaque Index (PI) by Silness & Löe.
Results. There were 16% edentulous men and women. After adjustment for covariates, persons with low education 
had more than seven times higher prevalence of having poor FD in women and twice higher prevalence in men 
compared to persons with university education (OR = 7.05 95% CI: 2.50–19.82 and OR = 2.18 95% CI: 1.18–4.02 
respectively). Smoking was strongly related to the prevalence of edentulism and to the prevalence of having no FD 
both in men and women. After adjustment for covariates, former male smokers and current female smokers had 
about twice higher prevalence of periodontal disease.
Conclusions. Low education and tobacco smoking appeared to be the factors strongly and independently associ-
ated with poor oral hygiene and health. Relations between oral health and other socioeconomic and behavioral 
factors were weaker and they were attenuated after adjustment to age, education and smoking (Dent. Med. Probl. 
2016, 53, 1, 66–77).
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Human longevity has increased throughout 
all developed countries in the world, including Po-
land. Within the last two decades the average life 
expectancy in Poland has increased from 66.6 to 
72.1 years for men and from 75.3 to 80.7 years for 
women [1]. In the aging population it is important 
to ensure adequate health care for future genera-
tions as prevention and treatment methods adopt-
ed so far may soon appear insufficient [2].
Loss of teeth progresses during the course of 
life [3, 4] due to the destruction of teeth by caries, 
disease and the loss of tooth supporting tissues due 
to periodontal disease. Gradual tooth loss causes 
successive reduction in chewing ability. This may 
result in eating less or choosing food of poorer 
quality, which in turn may lead to malnutrition 
and avitaminosis. Furthermore, choosing high-
ly processed products can increase the risk of car-
diovascular disease [5]. Indeed, having fewer than 
20 teeth was found to be associated with poorer 
chewing ability and lower consumption of more 
valuable and healthy foods [6, 7]. It was found that 
not only the number of teeth is important but al-
so their distribution in the oral cavity [8]. The UK 
National Diet and Nutrition Survey demonstrat-
ed an association between the number of posterior 
contacts and freedom of food choice, which affect-
ed individual’s nutrients intake. Persons with few-
er than 5 pairs of posterior contacting teeth were 
found to have limitations in food choice [9].
Periodontitis affects general health. The first ep-
idemiological studies indicating an association be-
tween periodontal disease and cardiovascular dis-
ease, i.e. atherosclerosis and heart attack, were con-
ducted in 1989 in Finland by Matilla et al. [10]. Results 
of these studies were confirmed by later reports [11]. 
There is also some evidence relating periodontal dis-
ease and the pathogenesis of hypertension [12].
Besides contributing to oral health and general 
medical problems, tooth loss reduces the quality of 
life, negatively affects interpersonal relationships 
in people sensitive to criticism, and even causes 
progressive social exclusion and depression  [13]. 
Also, it was found that people with poor function-
al dentition (FD), i.e. having 20 or fewer teeth were 
less physically active and traveled less [14].
Periodontal disease and caries develop due to 
the lack of oral hygiene and it is postulated that 
they may be a consequence of poor education and 
related to low socioeconomic status  [7, 15]. How-
ever, associations between tooth loss and such fac-
tors as social status, income, frequency of dental 
visits, education, and marital status were not con-
firmed in all studies [16].
According to the WHO report from 2003 
there were 25% edentulous Poles in the age group 
of 65–74 years  [17]. The other Polish studies car-
ried out at the same time or later indicated more 
than 40% of edentulous people in the correspond-
ing age group [18]. A later international report did 
not include data from Poland [19]. In general, da-
ta on oral health in the general Polish population 
is scarce. The positive exception would be the Na-
tionwide monitoring of oral health status and its 
conditioning in Polish population between the age 
35–44 and 65–74 years in which authors examined 
oral health in the general Polish population  [20]. 
There has been no recent Polish epidemiological 
study that has addressed the problem of social and 
behavioral determinants of oral health in Poland.
The aim of this study was to assess whether 
social and behavioral factors, i.e. education, smok-
ing, occupational activity, alcohol consumption, 
sports activity and perceived health are related to 
tooth loss, functional dentition, oral hygiene, and 
periodontal health.
Material and Methods
The study enrolled 1,008  persons (478  men 
and 530  women) between the age 50–75  years, 
a random subsample of the 10,728 participants of 
the Polish part of the HAPIEE Project (Health Al-
cohol and Psychosocial factors in Eastern Europe). 
Patients invited to a dental examination were ran-
domized from the HAPIEE study population in 
the layers of age, gender and place of residence. De-
tailed information on the HAPIEE project, which 
involved a  representative sample of residents of 
Krakow town, was published earlier  [21]. Out of 
1,008 persons invited to attend in an oral examina-
tion, 909 individuals (90.2%) agreed to participate.
The study was carried out at the University 
Dental Clinic in Krakow according to WHO rec-
ommendations  [22]. Participants were examined 
by four dentists who underwent a  special train-
ing in the study methods. Standard extra and in-
tra oral examination was performed. Intra oral 
examination started from the first to the fourth 
quadrant; data about number of teeth with caries, 
extracted teeth, filled teeth and use of partial and 
full dentures was collected.
To assess oral hygiene, Plaque Index (PI) ac-
cording to Silness & Löe [23] was used. Values from 
0 – no plaque to 3 – a thick layer of plaque biofilm 
filling the interdental area were recorded for each 
tooth excluding third molars. For each participant 
the mean value for all teeth was used in the analy-
sis. Participants who had mean PI > 2.5 were clas-
sified as having poor oral hygiene.
Pocket depth (PD) was measured for each tooth 
excluding third molars. Probing was performed on 
six surfaces of each tooth using periodontal Hu- 
R. Łysek et al.68
-Friedy probe type UNS-PCP 15. Participants who 
had measurements of PD ≥ 6 mm in one or more 
sites were classified as having periodontal disease.
Two definitions of poor functional dentition 
(FD) were used to assess masticatory. The first 
definition assumed that good chewing function 
was maintained if a person had at least 20 natural 
teeth. The second definition assumed that persons 
with at least 4 pairs of contacting teeth (molars 
and premolars) had sufficient masticatory func-
tion. In our study we assume the number of func-
tional tooth units and as a consequence only natu-
ral tooth contacts were taken into account [8].
Information on age, education, occupational 
activity, alcohol consumption, perceived health, 
smoking status, sports activities were collected 
by interview using standard questionnaire  [20]. 
For the purpose of present analysis education cat-
egory: no formal education, primary, vocation-
al were combined (less than secondary). Smok-
ing status category: occasional smokers, current 
smokers were combined (current smokers). Per-
ceived health category: very good, good, average 
were combined into good category, poor and very 
poor were combined into poor category. Partici-
pants reported that had not consumed any alco-
hol beverage during one year prior to the exami-
nation and were defined as non-drinkers. Sports 
active category was assigned for those spending at 
least 3.5 hours on sports activities during a  typi-
cal week.
Statistical analysis was performed separately 
for men and women. Analysis of the relation be-
tween the number of teeth and behavioral and 
lifestyle factors was limited to those who had at 
least one tooth. Mann-Whitney U test and ANO-
VA Kruskal-Wallis test were used to test the dif-
ferences in distribution of the number of teeth by 
lifestyle and behavioural factors. The relation be-
tween lifestyle factors and the number of remain-
ing teeth was assessed using multivariate linear 
regression. The odds of being edentulous, having 
poor FD, having PD ≥ 6 mm, having PI ≥ 2.5 (3rd 
quartile value) was assessed using multivariate 
logistic regression. Statistical significance was ac-
cepted at the level of p < 0.05. All calculations were 
performed in SPSS Software, IBM, Armonk, NY.
Results
The final study sample included 430 men and 
479  women who participated in oral examina-
tion. Mean age was 63.4 years (SD = 6.3) in men 
and 62.8  years (SD  =  6.4) in women. There were 
69 (16%) edentulous men and 76 (16%) edentulous 
women. Older age, current and former smoking, 
occupational inactivity and poor perceived health 
were associated with a higher proportion of eden-
tulous persons both in men and in women. Low-
er education was related to edentulous status in 
women only (Table 1). After adjustment for covari-
ates, low education (less than secondary) was asso-
ciated with four times higher prevalence of being 
edentulous in women only. Compared to people 
who never smoked, the prevalence of edentulous 
status was almost seven times higher in men and 
five times higher in women who were current 
smokers. Compared to people who never smoked, 
the prevalence of edentulous status was almost 
three times higher in former male smokers and 
twice higher in former female smokers (Table 2).
In participants who had one tooth at least me-
dian number of teeth was 14 (IR = 15) in men and 
14 (IR = 15) in women. Median number of teeth 
differed by socioeconomic and lifestyle factors. 
The exceptions were that there was no signifi-
cant difference by sport activity in both sexes, by 
the categories of alcohol consumption in men and 
by the categories of smoking in women (Table 3). 
However, after adjustment for covariates in linear 
regression model, only education and smoking re-
mained as associated significantly with the num-
ber of teeth in both sexes. Compared to women 
with a university education, women with second-
ary education had 3 teeth less and women with 
less than secondary education had 7 teeth less 
(p  <  0.001). Men with secondary education and 
with less than secondary education had 2 and 3 
less teeth respectively (p < 0.001) compared to men 
with a university education. Compared to current 
smokers, men who never smoked had 5 teeth more 
(p < 0.001) and women who never smoked had 2 
teeth more (p = 0.01). After adjustment for covari-
ates, no significant difference was found between 
former smokers and current smokers and other 
studied socioeconomic and lifestyle factors.
In both sexes, older age, low education, smok-
ing, occupational inactivity and poor perceived 
health were associated with the larger proportion 
of participants having less than 20 teeth or the 
larger proportion of participants having less than 
4 contacting pairs. No difference in proportion of 
functional dentition was found between categories 
of sport activity and alcohol consumption. After 
adjustment for covariates, the prevalence of poor 
FD was higher in persons with education lower 
than university. Particularly in women with less 
than secondary education, the chance of having 
no FD was more than seven times higher than in 
women with university education. Smoking status 
was also a  strong correlate of FD. Particularly in 
men, current smokers had more than three times 
higher prevalence of having less than 20 teeth and 
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seven times higher prevalence of having less than 
4 pairs of contacting teeth. Former smoking men 
had more than twice as high prevalence of having 
less than 20 teeth and of having less than 4 pairs of 
contacting teeth. After adjustment for covariates, 
FD was not associated significantly with alcohol 
consumption, occupational activity, sport activity 
and perceived health (Table 4).
There was no difference in the proportion of 
participants with periodontal disease (PD ≥ 6) by 
socioeconomic and lifestyle factors. In men the 
highest proportion of poor oral hygiene was found 
in those with secondary education, current smok-
ers, occupationally inactive and with good per-
ceived health. A  higher proportion of poor oral 
hygiene was found in older women.
In men, after adjustment for covariates, edu-
cation lower than university and current smoking 
were related to more than twice higher prevalence 
of poor oral hygiene (PI ≥ 2.5). The prevalence of 
poor oral hygiene was not associated significantly 
with socioeconomic and lifestyle factors in wom-
en. After adjustment for covariates, former male 
smokers and current female smokers had twice 
higher prevalence of PD ≥ 6 than people who nev-
er smoked (Table 5).
Discussion
Our results showed that low education and to-
bacco smoking are associated with poor oral health. 
After adjustment for age, education and other co-
variates, oral health was not associated significant-
ly with alcohol consumption, occupational activity, 
sports activity and perceived health in a sample in 
which there were 16% edentulous persons.
In contrast to previous estimates of the propor-
tion of edentulous persons, for the corresponding 
age group in Poland, our results did not confirm 
that this proportion is much higher than the Eu-
ropean average [17]. According to the WHO report 
of 2003, the highest proportion of edentulous per-
sons in Europe was found in Albania (69% at age 
over 65) and the lowest in Lithuania (14% in the age 
group 65–74). Data from the Oral Health Report by 
Table 1. Proportion of edentulous subjects by sex, socioeconomic and lifestyle factors
Men Women
n % n %
Age 50–59 5 4,00% 10 6,10%
60–69 37 16,40% 37 16,10%
70–75 27 33,30% 29 34,50%
p < 0,001 < 0,001
Education less than secondary 25 20,30% 30 24,20%
secondary 23 17,00% 35 16,20%
higher 21 12,30% 11 8,00%
p NS 0,002
Smoking current smoker 32 25,20% 28 26,70%
former smoker 26 17,70% 16 16,30%
never smoker 10 6,50% 32 11,60%
p < 0,001 0,002
Alcohol non drinker 18 14,20% 30 13,40%
drinker 38 17,00% 26 15,70%
p NS NS
Occupational activity active 22 10,00% 21 11,50%
inactive 47 22,40% 55 18,60%
p < 0,001 0,004
Sport activity active 38 17,50% 35 13,90%
inactive 28 14,10% 34 17,30%
p NS NS
Perceived health good 18 10,30% 13 9,00%
poor 51 20,20% 62 18,70%
p < 0,01 < 0,01
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the European Commission from 2010 showed that 
18% of Europeans over 55 years of age were eden-
tulous. Results of the Polish study of 2010 reported 
44% of edentulous people in a population between 
the age 65–74 years [18]. The proportion is substan-
tially lower in residents of Krakow, suggesting that 
their oral health over the life course is better. How-
ever, residents of Krakow cannot be regarded as 
representative for Poland. Compared to many oth-
er parts of Poland, Krakow residents are charac-
terized by better health in general in example they 
have lower mortality rates and one of the longest 
life expectancy [1]. Still, the proportion of edentu-
lous persons in Krakow is far higher than in the top 
Table 3. Median number of teeth for men and women by socioeconomic and lifestyle factors in dentate individuals
Men Woman
n Me IQR p n Me IQR P
Age 50–59 119 20 11 < 0,0001** 155 20 11 < 0,0001**
60–69 188 15 11 193 14 10
70–75 54 11 10 55 11 12
Education less than secondary 98 15 12 0,0003** 94 9 11 < 0,0001**
secondary 112 15 12 181 15 11
higher 150 18 10 127 19 10
Smoking current smoker 95 14 10 < 0,0001** 77 14 11 NS**
former smoker 121 15 11 82 15 12
never smoker 144 19 10 243 16 13
Alcohol drinker 183 16 11 NS* 140 17 10 0,01*
non drinker 109 16 11 194 14 13
Occupational 
activity
active 198 18 10 < 0,0001* 162 18 11 < 0,0001*
inactive 163 13 12 241 13 12
Sport activity active 179 16 12 NS* 216 15 13 NS*
inactive 170 16 9 162 15 13
Perceived 
health
good 157 18 9 < 0,0001* 132 18 11 < 0,0001*
poor 201 15 11 270 14 12
* Mann-Whitney U test; ** ANOVA Kruskal-Wallis test; IQR – interquartile range.
Table 2. Relation between socioeconomic and life style factors and prevalence of edentulism for men and women
  Men Women
ORa (95%CI) OR (95%CI) ORa (95%CI) OR (95%CI)
Education university 1 1 1 1
secondary 1,45 (0,75–2,81) 1,31 (0,65–2,63)b  2,02 (0,97–4,21) 1,91 (0,89–4,09)b
less than secondary 2,21 (1,14–4,28) 1,90 (0,94–3,85)b  3,59 (1,67–7,69) 4,05 (1,83–8,95)b 
Smoking never smoker 1 1 1 1
former smoker 2,95 (1,33–6,51) 2,92 (1,31–6,48)c 1,81 (0,91–3,58) 2,05 (1,02–4,14)c
current smoker 7,55 (3,36–16,96) 7,27 (3,20–16,52)c 4,52 (2,40–8,52) 5,03 (2,61–9,70)c
Alcohol  
consumption
non drinker 1 1 1 1
drinker 1,59 (0,84–3,02) 1,36 (0,69–2,70)d 1,50 (0,83–2,72) 1,84 (0,95–3,58)d
Occupational 
activity
active 1 1 1 1
inactive 1,63 (0,90–2,95) 1,24 (0,65–2,36)d 0,76 (0,40–1,44) 0,47 (0,23–0,95)d
Sport activity active 1 1 1 1
inactive 0,95 (0,54–1,65) 0,84 (0,47–1,51)d 1,40 (0,83–2,39) 1,56 (0,89–2,74)d
Perceived 
health
good 1 1 1 1
poor 1,86 (1,03–3,36) 1,28 (0,67–2,45)d 1,70 (0,92–3,40) 1,43 (0,72–2,84)d
a adjusted for age; b adjusted for age and smoking; c adjusted for age and education; d adjusted for age, education and smoking.
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countries in Europe like Sweden (only 1,1%), Lithu-
ania (10,7%) or Switzerland (11,4%) [19].
According to Nationwide monitoring of oral 
health status and its conditioning in Polish popu-
lation between the age 35–44 and 65–74 years Kra-
kow’s population represents similar average num-
ber of teeth in men and in woman in correspond-
ing age group compared to four large Polish cities 
altogether [20].
The association between the level of educa-
tion and the number of remaining teeth and func-
tional dentition is consistent with results of the 
large studies from Thailand and Norway  [24, 25]. 
Smoking was a  very strong correlate of the num-
ber of teeth and having poor functional dentition 
in our study. Men who were current smokers were 
7 times more likely to have fewer than 20 teeth and 
about 3.5  times more likely to have fewer than 4 
pairs contacting teeth compared to men who never 
smoked. However, the association between smok-
ing and periodontal disease was weaker and signif-
icant only in women who were current smokers and 
in men former smokers. Our findings on the asso-
ciation between smoking and the number of teeth 
are in accordance with findings in earlier study [26] 
but are not fully consistent with some other stud-
ies in which smoking was strongly associated with 
periodontal disease  [27]. Weaker relation between 
smoking and periodontal disease in our study could 
be explained partially by more extensive tooth loss 
due to caries at younger age in Poland.
The differences in number of teeth and pro-
portions of participants with poor oral health by 
occupational activity are consistent with other 
findings  [28]. Further, the association of occupa-
tional activity with number of teeth is in accor-
dance with suggestions that good dental health is 
important for appearance and free contacts with 
other people and that poor dental health is asso-
ciated with social isolation  [29]. It is also in ac-
cordance with the report on better FD in people 
with higher income  [25] and with the results of 
NHANES III in which in white population, the 
poorest people had fewer teeth [30]. It is likely that 
those who have higher income are also better edu-
cated and have better access to health care. How-
ever, in our study the relation between occupa-
tional activity and oral hygiene, functional denti-
tion and periodontal health was attenuated after 
adjustment to education and smoking suggesting 
that the relation was not strong and stable.
In an earlier study periodontal disease was re-
lated to education, occupational activity and per-
ceived health [31]. In our study these relations, as 
well as the relation with sports activity, were not 
significant after adjustment for covariates. There 
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giene, health behaviors and socioeconomic char-
acteristics  [32]. According to Nationwide moni-
toring of oral health status and its conditioning in 
Polish population between the age of 35–44 and 
65–74 years, Krakow’s population represents bet-
ter periodontal condition in women in the corre-
sponding age group. The proportion of men with 
deep pockets is similar comparing with those from 
biggest Polish cities, which were Białystok, Szc-
zecin, Warszawa and Wrocław [20]. In our study 
poor oral hygiene was associated with education 
and smoking in men only. These findings are con-
sistent with earlier reports where associations be-
tween socioeconomic characteristics and oral hy-
giene were stronger in men but such associations 
were also found in women.
Weak and unstable relations between oral 
health and socioeconomic characteristics oth-
er than education are not consistent with some of 
the previous studies, which were mostly done in 
the US and Western Europe. However, they are in 
accordance with the WHO report on poverty and 
non-communicable diseases in Central and East-
ern Europe, in which among several characteris-
tics, education was recognized as the best indica-
tor of socioeconomic status at an individual lev-
el. In the studies carried out in Central and East 
Europe, education was showing strong and con-
sistent associations with different indicators of 
health status, despite of the fact that before polit-
ical and economic transition in 1980/1990s, high 
education was not necessary related to high eco-
nomic position in the society [33].
To our knowledge, ours is the first study ad-
dressing the social and behavioral determinants 
of oral health in Poland in a larger sample. How-
ever, there are several limitations in the interpre-
tation of our results. The main limitation is that 
cross-sectional design does not allow us to address 
the problem of causality. Also, our results cannot 
be regarded as representative for general popula-
tion of Poland. As mentioned earlier it is possible 
Table 7. Proportion of subjects having less than 4 pairs of contacting teeth and subjects having less than 20 teeth by sex and 
socioeconomic and lifestyle factors
Men Woman
< 4 pairs < 20 teeth < 4 pairs < 20 teeth
n % n % n % n %
Age 50–59 83 66,90 58 46,80 107 64,80 80 48,50
60–69 199 88,40 175 77,80 212 92,20 194 84,30
70–75 78 96,30 73 90,10 82 97,60 75 89,30
p < 0,001 < 0,001   < 0,001 < 0,001
Education less than secondary 105 85,40 95 77,20 118 95,20 112 90,30
secondary 124 91,90 105 77,80 186 86,10 161 74,50
higher 130 76,00 105 61,40 96 69,60 75 54,30
p < 0,001 < 0,001 < 0,001 < 0,001
Smoking current smoker 116 91,30 108 85,00 90 85,70 82 78,10
former smoker 129 87,80 111 75,50 86 87,80 77 78,60
never smoker 113 73,40 85 55,20 225 81,80 189 68,70
p < 0,001 < 0,001 0,003 NS
Alcohol non drinker 102 80,30 88 69,30 189 84,40 167 74,60
drinker 191 85,30 163 72,80 136 81,90 118 71,10
p NS NS NS NS
Occupational 
activity
active 165 75,00 134 60,90 133 72,70 107 58,50
inactive 195 92,90 172 81,90 268 90,50 242 81,80
p < 0,001 < 0,001 < 0,001 < 0,001
Sport activity active 189 87,10 156 71,90 210 83,70 183 72,90
inactive 161 81,30 142 71,70 164 83,70 142 72,40
p NS NS NS NS
Perceived 
health
good 137 78,30 106 60,60 104 71,70 87 60,00
poor 220 87,30 197 78,20 295 88,90 260 78,30
p < 0,001 < 0,001 < 0,001 < 0,001
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that oral health in the study group was better than 
the national average because the study enrolled 
only residents from one of the largest Polish cities 
which is also one of the largest academic centers 
in Poland with high proportion of university edu-
cation. Nevertheless, it seems to be plausible that 
the found associations are not unique for Krakow.
Low education and tobacco smoking appeared 
to be the factors strongly and independently as-
sociated with poor oral hygiene and health. Rela-
tions between oral health and other socioeconom-
ic and behavioral factors were weaker and they 
were attenuated after adjustment to age, education 
and smoking.
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